Recycling of wood ash from energy production may counteract soil acidification and return 1 9
RNA and DNA were co-extracted from 2 g soil samples using the RNA PowerSoil Total 1 2 0
RNA Isolation Kit (MOBIO, Carlsbad, USA) in combination with DNA Elution Accessory Kit 1 2 1 (MOBIO) following manufacturer's protocol. Agricultural soil amended with the highest ash 1 2 2 concentration had an RNA yield below detection limit and was not sequenced. We quantified 16S rRNA and ITS2 gene copies (DNA level) using qPCR. 16S rRNA genes 1 2 4
were amplified in technical duplicates using a CFX Connect (Bio-Rad, Richmond, USA). We used a dilution series of genomic DNA from Escherichia coli K-12 (with 7 copies of 1 2 6 16S rRNA genes) as a standard (Blattner et al., 1997) . The master-mix consisted of 2 µl contigs. We normalized the contigs by removing those with relative expression lower than Core Team, 2015) using vegan (Oksanen et al., 2008) . The rRNA abundance was 1 9 6
converted into relative abundance and collapsed taxonomically into Archaea, Bacteria and 1 9 7
Eukaryota. We further grouped Eukaryota into Fungi, Metazoa, and protists (with main 1 9 8 1 0
focus on bacterivorous protozoa). We calculated Richness and Shannon diversity on the 1 9 9
total number of rRNA contigs and abundance of sequence reads mapped to them. Non-2 0 0 metric multidimensional scaling (NMDS) was carried out using Bray-Curtis dissimilarities of include explanatory variables with significant p-values in Adonis models. observed at 0-12 t ha -1 , we performed Kruskal-Wallis tests with wood ash concentration as 2 1 2 independent variable for both the range of 0-12 t ha -1 and 0-90 t ha -1 . We also used 2 1 3
Kruskal-Wallis to test the effect of time on differential abundances within the wood ash 2 1 4 concentrations separately. P-values were adjusted for false discovery rate (FDR) using the 2 1 5
Benjamini-Hochberg method in all tests. NMDS on Bray Curtis dissimilarities of gene 2 1 6 compositions and Adonis testing were carried out as described above. Gene counts 2 1 7 between samples were normalized using the DESeq2 algorithm (Love et al., 2014).
1 8
Significantly differentially expressed genes were analysed using the DESeq2 module of of gene transcription levels between samples of increasing wood ash concentration to 2 2 1 control samples (0t ha -1 ) at different incubation times. For the forest samples at time 100 2 2 2 1 1 days, only one replicate remained for the 0 t ha -1 treatment. Therefore we compared 2 2 3 instead the 12 and 90 t ha -1 to the 3 t ha -1 .
4
We used linear Pearson regression to test for significant correlations between wood ash variables. Variance homogeneity was tested using Levenes's test and normal distribution 2 2 9
of data was tested using the Shapiro-Wilk test in combination with QQ-plots prior to
We used a significance level of 0.05, unless otherwise explicitly mentioned, and the results 2 3 2 section provide descriptions at this significance level. Soil pH, electrical conductivity and DOC correlated positively with wood ash concentration 2 3 7 for both soils (Table 1) . For the 90 t ha -1 ash amendment, soil pH increased from 6.4 to 2 3 8 11.5 in the agricultural and from 4.1 to 8.5 in the forest soil ( Supplementary Figure 1) .
Similarly, the 90 t ha -1 resulted in 15 and 19-fold increases in electrical conductivity for the 2 4 0 agricultural and forest soil, respectively. In the agricultural soil, ammonium increased with 2 4 1 time in samples both with and without ash amendment, while nitrate showed no significant 2 4 2 changes. In the forest soil, ammonium and nitrate increased after 3 days in the 90 t ha -1 2 4 3 amendment, followed by a decrease after 30 days. In the other treatments, increased 2 4 4 concentrations were observed during the entire incubation period. In both soils, 2 4 5 1 2 concentrations of dissolved phosphate increased up to 12 t ash ha -1 followed by a 2 4 6 decrease at 90 t ha -1 . The 3 and 12 t ha -1 ash amendments did not affect fungal community composition in the 3 0 3 agricultural soil ( Figure 3A ). In the forest soil no major changes were found at low 3 0 4
amendments, while application of 90 t ha -1 resulted in increase in Mortierella, Hypocreales 3 0 5
(Sordariomycetes) and Peziza (Pezizomycetes). In the agricultural soil, the relative abundances of Tubulinea (Amoebozoa), treatments, though more pronounced at higher wood ash amendments. Further, Tubulinea 3 1 2 (Amoebozoa), Heteromitidae (Cercozoa) and Silicofilosea (Cercozoa) increased in the 12 3 1 3
and 90 t ha -1 amendments. on mRNA profiles, and fitting of physicochemical parameters to these, revealed similar 3 2 0 trends as for rRNA taxonomic communities ( Figure 2 and Table 2 ).
3 2 1
In the agricultural soil, we observed only minor functional gene responses to time and ash-3 2 2 amendment, while more genes were differentially expressed in the forest soil, especially at protein turnover, and chaperones", "Transcription", "Replication, recombination and repair" 3 2 7
and "Carbohydrate transport and metabolism". Furthermore, genes related to stress 3 2 8
responses increased mainly in the forest soil at 90 t ha -1 ash amendments (Supplementary 3 2 9 Figure 3 ). Here, we present the first detailed analysis of changes in soil microbial prokaryotic and 3 3 5 eukaryotic communities after amendment with ash using the Total RNA-sequencing 3 3 6 procedure. The general copiotrophic groups of bacteria, i.e. Bacteroidetes, Alphaproteobacteria and Thus, increases in pH, bioavailable DOC and nutrients induced by wood-ash allow 3 5 3 copiotrophic groups to thrive on the expense of oligotrophic groups. The shift towards a 3 5 4 more copiotrophic dominated community after ash amendment was further supported by metabolism and cell growth ("Translation", "Transcription" and "Replication") showed 3 5 7 significant higher transcription levels.
3 5 8
Of the Bacteroidetes, Chitinonophagaceae showed the strongest positive response to with heavy metals (Teng et al., 2015) . Probably advantageous properties, as the wood ash Myxococcales responded positively to wood ash amendment in the forest soil. Noteworthy, The increase in 16S rRNA gene copy numbers after ash amendment (up to 12 t ha -1 and 3 7 2 90 t ha -1 for the agricultural and forest soil, respectively) is consistent with other reports of as a change towards a more copiotrophic community with higher average 16S rRNA gene found increased transcription of genes involved in sporulation in these samples. Combined, these capabilities probably enable members of these groups to withstand the 3 8 9
initial wood ash induced changes to the soil, including increased heavy metal 3 9 0 concentrations, thereby allowing them to be initial utilizers of newly available labile 3 9 1 resources. Reduced diversity at this ash dose further indicates that less organisms can 3 9 2 cope with the ash induced changes to the soil system In both soil types, fungal response to ash amendment was slight compared to the Rousk et al., (2009, 2011) found bacteria to be more stimulated by nutrient addition and The micro-eukaryotes also responded to wood ash application in the forest soil, probably formed (Fenchel, 1987; Ekelund et al., 2002) . The protozoan increase may explain the bacterivorous (Ekelund & Rønn, 1994; Ekelund, 1998) , consistent with the decreasing ash-amendment on micro-eukaryotes in the agricultural soil, which is consistent with the 4 2 5
relative minor effects on prokaryotes and fungi in this soil. We recorded increased transcription of stress-response genes at the 90 t ha -1 4 2 9
amendments, which supports that this high dose exerts harmful effects on many members We found that ash-amendment strongly increased soil pH, which is a strong driver of were likely caused directly or indirectly by the pH increase, which is probably the major 4 5 7
reason that pH is an essential driver of taxonomic and functional soil characteristics 4 5 8 (Lauber et al., 2009; Rousk et al., 2010; Fierer, 2017; Vestergård et al., 2018) . We used detailed total RNA-Sequencing to demonstrate drastic taxonomic and functional soil after wood ash amendment. Our analyses suggested that increase in pH, electrical the micro-biome in the agricultural soil, while in the forest the copiotrophic micro-biome, 4 7 5 also including fast-growing saprotrophic fungi, was further stimulated. However, diversity 4 7 6
was reduced, and expression of stress response genes increased. Bacterivorous protozoan groups increased as a response to enhanced bacterial growth, which supports 4 7 8
that the protozoa have a pivotal role in controlling bacterial abundance in soil following 4 7 9
wood ash application. Overall, prokaryotic community and quantity responded more 4 8 0 pronounced to wood ash amendment than fungi in both forest and agricultural soil. Calif. following labile carbon additions linked to rapid shifts in soil microbial community composition.
2 4
Biogeochemistry 82:229-240. assign microbial responses to pH changes and Cd in forest soils treated with wood ash. Soil wood ash concentrations 0-12 t ha-1, we removed the 90 t ha-1 samples and repeated the analysis 7 2 9
(rightmost two panels). Symbols represent averages, as described for the bar plots. forest soil by pairwise comparisons of gene transcription levels between samples of increasing wood ash 7 4 0 concentration to reference samples without ash-amendment at different incubation times. "0vs3, "0vs12" and 7 4 1 "0vs90" denote the wood ash doses compared, i.e. wood ash dose 0 t ha-1 compared to 3 t ha-1 is written 7 4 2 "0vs3". Increasing and decreasing gene transcription levels are presented above and below the black represents values of 1 replicate. Note different range of y-axis values between the two soils for the same 7 5 1 metadata category. (excluding agricultural soil 3 t ha -1, 100 days (n=2) and forest soil 0t ha after 0 (n=1) and 100 days (n=1)). agricultural soil 3 t ha -1, 100 days (n=2) and forest soil 0t ha after 0 (n=1) and 100 days (n=1)). Tables   7  6  3   Table 1 : Pearson correlation values (r) and associated significance levels between ash dose (field 7 6 4 equivalents 0, 3, 12 and 90 t ha-1) and incubation time, and soil physicochemical parameters. two soils after ash amendment tested using Permutational Multivariate Analysis Of Variance (Adonis) Asterisks refers to significance level (* is 0.01<p<0.05, ** is 0.001<p<0.01, *** is p<0.001).
1
Non-significant (p>0.05) parameters are written as "-". 
